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(54) Silicon on insulator substrate and method for manufacturing said substrate 



(57) A trench (25) comprising a side wall (26) and a 
ground portion (27) is formed in a substrate (5) and cov- 
ered with an isolating liner layer (30). The isolating liner 
layer (30) is removed from the ground portion (27) of the 
trench (25) and the trench (25) is deepened to form a 
first part (40) of the trench (25) in the substrate (5). Pores 
(45) are formed In the substrate (5) surrounding the first 
part (40) of the trench (25). The substrate (5) is oxidized 
in an oxygen containing atmosphere at a raised temper- 
ature and silicon oxide is formed around the pores (45) 
in the substrate (5) to form an isolating layer (50). A sil- 
icon on insulator layer (55) remains on top of the Isolat- 
ing layer (50). 
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Description 

[0001] The present invention relates to a method for 
manufacturing a silicon on insulator substrate. The in- 
vention further relates to a silicon on insulator substrate. 5 
[0002] In the technical field of silicon semiconductor 
manufacturing, It is known to use silicon on insulator 
(SOI) substrates for the manufacturing of silicon semi- 
conductor devices with Improved isolation characteris- 
tics. 10 
[0003] To form an isolator underneath a monocrystal- 
line silicon substrate results In low production costs and 
advantages for several applications. The monocrystal- 
line silicon substrate above the isolation layer Is called 
a silicon on insulator (SOI), which comprises advantag- is 
es for logic devices and memory devices like DRAMs 
(Dynamic Random Access Memorys), 
[0004] For example, the document US 5,888,297 de- 
scribes a method for manufacturing an SOI substrate by 
implanting oxygen into a silicon semiconductor sub- 20 
strate and annealing the substrate aftenA/ards for form- 
ing the isolating silicon oxide layer in the silicon semi- 
conductor substrate. It has been observed, that the ox- 
ygen implantation method causes defects in the silicon 
on insulator layer which decrease the performance and 25 
the yield of the manufactured semiconductor devices. 
[0005] The document US 6,211,041 B1 describes a 
method known as wafer bonding wherein a second wa- 
fer Is bonded to a first wafer upside down and the second 
wafer Is cut aften^/ards to leave a thin silicon layer on an 30 
isolating silicon oxide layer on top of the first wafer. The 
wafer bonding method for manufacturing silicon on in- 
sulator substrates Is expensive and time Intensive and 
also causes defects in the silicon on insulator layer 
which result in high production costs. 35 
[0006] It Is an objective of the present invention to pro- 
vide a silicon on Insulator substrate and a method for 
manufacturing said substrate with reduced tension of 
the silicon layer and the isolating layer of the silicon on 
insulator substrate and to enable a method with reduced 40 
production costs. 

[0007] Concerning the substrate, the objective is 
achieved by a substrate comprising: 

an Isolating layer arranged on said substrate; 45 
a silicon on Insulator layer arranged on said isolat- 
ing layer; 

a trench arranged In said isolating layer and said 
silicon on Insulator layer, which is filled with a first 
filling material. so 

[0008] As an advantage, the substrate can be pro- 
duced with low production costs. The trench is arranged 
in the substrate within the insulator and the silicon on 
insulator. An other advantage Is, that the isolating layer ss 
underneath the silicon on insulator layer and the silicon 
on insulator layer itself the can be formed with very low 
mechanical tension and stress. Improved devices with 



less defects can be formed on the substrate. 
[0009] According to an embodiment of the present in- 
vention, a selectively grown epitaxial layer is arranged 
on said silicon on insulator layer and on said filling ma- 
terial. This forms an active layer for semiconductor de- 
vices on top of the first filling material. In this case the 
devices can be formed all over the surface of the sub- 
strate and are not restricted to areas next to the trench. 
[001 0] Concerning the method, the objective is solved 
by a method for manufacturing a silicon on insulator sub- 
strate comprising the steps: 

providing a substrate comprising silicon, 

forming a trench in the substrate comprising a side 

wall and a ground portion; 

depositing an Isolating liner layer in the trench on 

the side wall; 

deepening the trench to form a fi rst part of the trench 
in the substrate; 

forming pores in the substrate, within the first part 

of the trench; 

oxidizing the substrate to form an isolating layer, 
wherein the substrate surrounding the pores is ox- 
idized to silicon oxide and a silicon on insulator layer 
is maintained between the surface of the substrate 
and the Isolating layer. 

[0011] The inventive method forms trenches in the 
substrate wherein the upper part of the trench is masked 
with the isolating liner layer and pores like mesopores 
or micropores are formed In the lower part of the trench. 
This removes material from the substrate and forms ad- 
ditional space for the following oxidation. During the ox- 
idation, oxygen Is reacting with silicon to silicon oxide 
which leads to an increased volume. The pores formed 
in the substrate are narrowed and closed due to the In- 
creasement of the silicon oxide volume. Without the 
pores, the silicon oxide layer would comprise a high me- 
chanical stress due to the increasement in volume. The 
Inventive method leads to a silicon on Isolator substrate 
with low mechanical stress and reduced defects in the 
silicon on insulator substrate and the silicon oxide layer. 
It also provides a cheap method for manufacturing the 
SOI substrate. 

[0012] According to an embodiment of the present In- 
vention, the pores form a microporous substrate or a 
mesoporous substrate. Micropores typically have a di- 
ameter between 0 to 5 nm (nanometer) and a depth be- 
tween 5 to 500 nm. Mesopores typically have a diameter 
of more than 5 nm and a similar depth. 
[0013] According to another embodiment of the 
present Invention, the pores are electrochemically 
etched by applying a fluorine containing electrolyte and 
an external voltage to the substrate. Electrochemical 
etching can be performed In n-type silicon or p-type sil- 
icon with a fluorine containing electrolyte and a voltage 
applied to the substrate. For example p-type silicon with 
a doping between 10^^ and 10^^ doping atoms per cm^ 
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can be etched with a current density between 1 to 100 
mA per cm^, an anodisatlon voltage between 1 and 50 
volts and an electrolyte containing hydrofluoric acid HF 
in water with a concentration between 5% and 25%. 
[0014] According to another embodinr^ent of the 
present invention, the pores are electrochemically 
etched by applying an electrolyte containing HF to 
NHO3 to HgO in a ratio of about 1 to 5 to 10 or alterna- 
tively NaNog in HF or Cr03 in HF. This mixture for the 
electrolyte does not need a separate voltage applied to 
the substrate, because the charge carriers for etching 
the pores are supplied by the electrolyte. Advanta- 
geously, an additional electrode is not necessary to con- 
tact the substrate. This process is also known as stain 
etch. 

[0015] According to another preferred embodiment, 
the liner layer contains silicon nitride. Silicon nitride is 
capable of masking the upper part of the trench to pre- 
vent a mesopore formation in the top layer of the sub- 
strate and to prevent an oxidation of the top layer of the 
substrate resulting in a silicon on insulator layer main- 
tained between the surface of the substrate and the iso- 
lating layer. 

[0016] In another preferred embodiment of the 
present invention, the first part of the trench is filled with 
a filling material. Advantageously, the filling material is 
an isolator and closes the trenches in the isolating layer. 
[0017] In a further preferred embodiment of the 
present invention, a selectively grown epitaxial layer is 
grown over the filling material to form the silicon on in- 
sulator layer on top of the filling material. This process 
step closes the silicon on insulator layer to form a 
monocrystalline layer also on top of the filling mass. The 
silicon on insulator substrate can now be used for logic 
devices with transistors formed in the silicon on insulator 
layer. 

[0018] In a further embodiment, the trench is deep- 
ened a second time to form a second part of the trench 
and a trench capacitor of a dynamic random access 
memory can be formed in the second deepening. Due 
to the isolating layer arranged between the silicon on 
isolator and the lower part of the trench capacitor, the 
trench capacitor for the dynamic random access mem- 
ory does not need an additional isolation collar. The se- 
lection transistor for the dynamic random access mem- 
ory celt can be arranged in the silicon on insulator layer 
and shows advanced isolation characteristics due to the 
isolating layer. 

[001 9] The invention will be better understood by ref- 
erence to the following description of embodiments of 
the invention taken in conjunction with the accompany- 
ing drawings. Equal references show equal or function- 
ally equal components. 
[0020] The figures show: 

figure 1 a cross section through a substrate with 
masking layers and a trench comprising an 
isolating liner layer; 



figure 2 the cross section according to figure 1 with 
a first deepening of the trench and pores 
formed in the substrate around the first deep- 
ening; 

5 

figure 3 the cross section of figure 2 wherein the sub- 
strate is oxidized around the first deepened 
part of the trench and the pores; 

10 figure 4 a cross section according to figure 3 wherein 
a second deepened part of the trench is 
formed in the substrate; 

figure 5 the substrate according to figure 3 wherein 
15 the masking layers are removed, the first 

part is filled with a filling material and a se- 
lective epitaxial layer is formed on top of the 
filling material. 

[0021 ] Figure 1 shows a substrate 5 containing doped 
or undoped mono crystalline silicon. On top of the sub- 
strate 5, a first masking layer 1 0, a second masking layer 
15, and a third masking layer 20 are formed. For exam- 
ple, the first masking layer 10 is a thermal silicon oxide 
layer which can be formed by oxidizing the surface of 
the substrate 5. On top of the first masking layer 10, the 
second masking layer 15 is arranged and can comprise 
silicon nitride. The silicon nitride layer can be deposited 
by a chemical vapour deposition process (CVD) and is 
typically called pad nitride. On top of the second mask- 
ing layer 15, the third masking layer 20 is formed by a 
chemical vapour deposition and typically comprises sil- 
icon dioxide. The third masking layer 20 forms together 
with the first masking layer 10 and the second masking 
layer 15 an etch mask for forming trenches or deep 
trenches in the substrate 5. The first, second, and third 
masking layers 10, 15, and 20 are structured by a com- 
monly used photo lithography process with successive 
etching of the masking layers. AftenA/ards, the masking 
layers are used to etch a trench 25 into the substrate 5. 
The described masking layers 10, 15 and 20 are ade- 
quate for structuring a deep trench for a DRAM (dynamic 
random access memory) trench capacitor. Also a more 
simple masking structure, just comprising one masking 
layer, is suitable for forming the trench 25. 
[0022] An isolating liner layer 30 is deposited in the 
trench 25 and on the masking layers 10,15 and 20. The 
isolating liner layer 30 is deposited by a conformable 
deposition process like chemical vapour deposition and 
typically comprises silicon nitride or silicon oxide or alu- 
minum oxide. The trench 25 comprises a side wall 26 
and a ground 27. The isolating liner layer 30 is also de- 
posited on the side wall 26 and on the ground 27. 
[0023] According to figure 2. the isolating liner layer 
30 is removed from the ground 27 of the trench 25. This 
can be done with a non isotropic etching which removes 
the isolating liner layer 30 from horizontally arranged 
surfaces and leaves the Isolating liner layer 30 on the 
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side wall 26. In a following process step, a first deep- 
ened part 40 of the trench 25 is formed in the substrate 
5. This prolongs the trench into the substrate 5. 
[0024] The side wall 26 of the trench 25 is still protect- 
ed by the isolating liner layer 30 in its upper part. The 
first part 40 of the trench 25 is now etched in a fluorine 
containing electrolyte with an additional voltage applied 
to the substrate 5. This etches pores 45 around the first 
part 40 into the substrate 5. The pores 45 can also be 
etched by an electrolyte containing HF to NHO3 to H2O 
in a ratio of about 1 to 5 to 10 or alternatively NaNo2 in 
HF or Cr03 in HF, which does not need an additional 
voltage source applied to the substrate. The etching 
process does not use a closed current circuit and is 
known as stain etch, i.e. an etching process without a 
current circuit. An additional advantage of this process 
is, that no additional electrode is needed to contact the 
substrate 5. The pores can be etched with a high depth 
into the silicon substrate, wherein the depth mainly de- 
pends on the time the etching is performed. The pores 
typically can be formed with several hundred nanome- 
ters depth. 

[0025] With reference to figure 3, the substrate is ox- 
idized at a temperature above 900°C in dry or wet at- 
mosphere to form an oxide between 1 0 to 20 nm in a 
time period of roughly 2 hours in a batch or single wafer 
process tool in oxygen containing atmosphere. The ox- 
idisation is also depending on the doping of the sub- 
strate 5. 

[0026] This forms a silicon oxide layer 50 and main- 
tains a silicon on insulator layer 55 between the surface 
of the substrate 5 and the isolating layer 50. Because of 
the pores in the substrate 5, the volume increasement 
due to the oxidation of the silicon can be compensated 
by the pores and does not lead to an additional mechan- 
ical tension and stress in the silicon on insulator layer 
55 or the isolating layer 50. 

[0027] Several trenches 25 are arranged in the sub- 
strate 5 and a locally arranged silicon on insulator layer 
can be manufactured. It is also possible to manufacture 
silicon on insulator layers with a different thickness on 
the same substrate, just depending on the depth of the 
trench 25 and the depth of the isolating liner 30 arranged 
on the side wall 26 of the trench 25. 
[0028] According to figure 4, a second part 60 of the 
trench is formed in the substrate 5 as a deep portion of 
the trench 25. A trench capacitor can be formed in the 
second part 60 of the trench 25 as a part of a dynamic 
random access memory cell. A selection transistor for 
the memory cell connected to the trench capacitor can 
be arranged in the silicon on insulator layer 25 on top of 
the isolating layer 50. 

[0029] According to figure 5, another embodiment of 
the present invention based on figure 3 is shown. The 
first deep part 40 is filled with a filling material 65. The 
filling material 65 is preferably an isolator and typically 
comprises silicon oxide. The filling 65 can also consist 
of polycrystalilne silicon. On top of the filling material 65 



and the silicon on insulator 55, an epitaxial layer 70 is 
grown to form a monocrystalline silicon layer. The se- 
lective epitaxial process grows the selective epitaxial 
layer 70, starting from the silicon on insulator layer 55 
5 growing on the silicon on insulator layer 55 and side- 
wards over the isolating filling 65. The substrate shown 
in figure 5 can advantageously be used for logic circuits 
with field effect transistors formed in the epitaxial layer 
70 or the silicon on insulator layer 55. 
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Claims 

1 . Substrate (5) comprising: 

35 

an isolating layer (50) arranged on said sub- 
strate (5); 

a silicon on insulator layer (55) arranged on 
said isolating layer (50) ; 
40 - a trench (25) arranged in said isolating layer 
(50) and said silicon on insulator layer (55). 
which is filled with a first filling material (65). 

2. Substrate (5) according to claim 1 , 
45 characterised In that 

a selectively grown epitaxial layer (70) is arranged 
on said silicon on insulator layer (55) and on said 
filling material (65). 

50 3. Method for manufacturing a silicon on Insulator sub- 
strate comprising the steps: 

providing a substrate (5) comprising silicon, 
forming a trench (25) in the substrate (5) com- 
55 prising a side wall (26) and a ground portion 

(27); 

depositing an isolating liner layer (30) in the 
trench (25) on the side wall (26); 
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deepening the trench (25) to form a first part 
(40) of the trench (25*) in the substrate (5) ; 
forming pores (45) in the substrate (5) within 
the first part (40) of the trench (25); 
oxidizing the substrate (5) to form an isolating 5 
layer (50). wherein the substrate (5) surround- 
ing the pores (45) is oxidized to silicon oxide 
and a silicon on insulator layer (55) is main- 
tained between the surface of the substrate (5) 
and the isolating layer (50). io 

4. Method according to claim 3, 
characterised in that 

the isolating liner layer (30) is also deposited on the 
ground portion (27) and the isolating liner layer (30) ^5 
is removed from the ground portion (27) before the 
step of deepening (40) is performed. 

5. Method according to one of the claims 3 or 4, 
characterised in that 20 
the pores (45) form a microporous substrate (5) or 

a mesoporous substrate (5). 

6. Method according to one of the claims 3 to 5, 
characterised in that 25 
the pores (45) are electrochemtcaliy etched by ap- 
plying a fluorine containing electrolyte and an ex- 
ternal voltage to the substrate (5). 

7. Method according to one of the claims 3 to 5, 30 
characterised in that 

the pores (45) are electrochemically etched by ap- 
plying an electrolyte containing HF to NHO3 to HgO 
In a ratio of about 1 to 5 to 1 0 or alternatively NaNog 
in HF or CrOs in HF to carry out a stain etch. 35 

8. Method according to one of the claims 3 to 7, 
characterised in that 

the liner layer (30) contains silicon nitride. 

40 

9. Method according to one of the claims 3 to 8. 
characterised in that 

the first part (40) of the trench (25) is filled with a 
filling material (65). 

45 

10. Method according to one of the claims 3 to 9, 
characterised in that 

a selectively grown epitaxial layer (70) is grown over 
the filling material (65) to fonn the silicon on insula- 
tor layer (55) on top of the filling material (65). so 

11. Method according to one of the claims 3 to 8, 
characterised in that 

the trench (25) is deepened a second time to form 
a second part (60) of the trench and a trench capac- ss 
itor of a dynamic random access memory is formed 
in the second part (60) of the trench. 
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